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vector multiplet in the case of massless and massive fermions. The purpose 
of this analysis is to provide the ground for the broken susy case. We study 
the modifications of these results when an explicit soft Susy breaking realized 
through a universal mass for all scalars is present. As a by-product we provide 
a computation of the g — 2 of the W boson in the standard model which 
corrects previous evaluations in the literature. 
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1 Introduction 



It was recently observed that in a N = 1 supersymmetric (Susy) invariant theory, the 
anomalous magnetic transitions among members of a vector or higher spin supermultiplet 
are related by model independent sum rules |L] . When we consider a vector supermultiplet 
these rules are very simple. Indeed, calling h the g — 2 value of the charged vector bosons 
W , it turns out that the anomalous magnetic moments of the fermionic partners of W 
(the charginos) are equal to 2h and the anomalous magnetic transition between W and 
its scalar partner (the charged higgs is again equal to h. 

The relevant question that we wish to address in this paper is the impact of the 
breaking of supersymmetry on these sum rules. In other words, one can try to use the 
abovementioned anomalous magnetic moments sum rules as an indicator of the amount 
of susy breaking which is present. 

In order to perform this analysis we first make an explicit derivation of the sum rule 
in the minimal supersymmetric standard model (MSSM) in the situation of unbroken 
Susy. This derivation accomplishes a twofold purpose: first it prepares the ground for 
an analysis of the departure from the exact sum rule when Susy is broken in different 
ways, and, then, it allows for a quick reappraisal of the results concerning the anomalous 
magnetic moment of the W boson in the standard model (SM). We will show that this 
reanalysis leads to a sizeable correction of the results previously reported in the literature 
for this computation. 

Unless otherwise specified, our notations and conventions are as in || where an exactly 
supersymmetric version of the Weinberg-Salaam SU (2)i x U(l)y SM is illustrated. In this 
model the charged massive vector multiplet of weak interactions contains besides W ± 
gauge bosons and the Higgs scalars H , two spin- 1/2 dirac fermions and u>2 given by 
the linear combination of winos and higgsinos 

Ut = V2P LX 12 - iP R X~ (1) 



lo 2 = V2P lX 2i-iPr\ + - (2) 



Here the Majorana fermions X12, X21 and X^ 1 are the supersymmetric partners of H~, 
H + and W ± . If Susy is unbroken all these particles have a common mass mw Gauge 
invariance is broken by an Higgs sector composed by two Higgs doublets with opposite 
ipercharge ±1, needed to give mass in a Susy invariant mode to both up and down quarks, 
and by an Higgs singlet N whose ipercharge is zero. Once Goldstone bosons are absorbed 
as the longitudinal degree of freedom of W and Z° gauge bosons, we remain with 7 
physical Higgs scalars: H ± ) H°, /i° (i =1,2,3,4). H ± and H° have the same mass as W ± 
and Z° while h^,...,h\ have a common mass m^. As far as the particle content is concerned, 
the proliferation of Higgs bosons is the only difference from the mere supersymmetrization 
of SM. 
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In a renormalizable theory of spin-| and spin-1 particle, the tree level value of the 
gyromagnetic ratio is 2. This is strictly tied with tree level unitarity |3|, However 
quantum effects can spoil this property. In particular, for vector multiplets, h could be 
nonzero due to loop effects. 

Susy implies a strict relation between the following couplings 



m w 

9 



The most general CP and U(l) e _ m _ invariant WWj vertex when all particle are on 
mass shell is || [J 

M mfi = ie{A[2p fJt g a p + A(q a g^ - qpg m )\ + 2AK ww (q a g^ - qpg^) + ^^-p^qp} (3) 



where p — q, p + q, 2q are the momenta of the incoming and outgoing W + and of the 
incoming photon. In the standard model and in its supersymmetric version at tree level 
A = 1, while for the anomalous magnetic dipole and electric quadrupole moments we 
have AK WW = AQ = 0. 

The charginos U\ and u 2 whose electric charges are e Ul = —e and e U2 = +e (e > 0) 
can have an anomalous magnetic moment (in spite of chiral fermion gi/ 2 = 2 in exact 
Susy theories) a Ui = g "' 2 2 , given by the coefficient of 



e^uJiO^qyUJiE^. (4) 



2rriw 



with q and e M the momentum and polarization vector of the incoming photon. The 
presence of this term is due to the fact we can embed the anomalous magnetic moment 
of gauge fermion in a supersymmetric invariant term [^, ^ while we can not do the same 
thing for chiral fermions ||. 

Besides this we must consider the off-diagonal magnetic transition AKwh between 
the spin-1 and spin-0 states in the vector multiplet. It is characterized, when all particles 
are on mass shell, as the coefficient of 



,! e^p p q a e,e' u (5) 



m w 



where p,e' u ,q,e^ are the moment and polarization vector of the incoming W + and 7 
respectively. Supersymmetric sum rules foresee 

AK WW = a ui = a W2 = AK WH . (6) 



This forecast should be valid separately for the one loop contribution due to particles 
owing to every single mass supermultiplet unless we try to separate the contributions due 
to the exchange of quarks and leptons. This last statement is strictly tied with anomaly 
cancellation as proved in . 

We analyse the Susy magnetic moments sum rules for massless and massive ordinary 
fermions in sections 2 and 3 respectively and the Susy breaking case in section four. We 
report the whole set of function we found in this last case in Appendix. A comment on 
the size of the anomalous magnetic moment of W in the SM is given in the end of section 
4 when we compare the SM with the exact and broken susy cases. 

2 Susy sum rules: The massless fermions case 

Bardeen et al. calculated AKww hi the standard model || [| and Bilchak et al. showed 
0] in the case of massless ordinary fermions that AKww and a uli have equal values. They 
verified this is true also if we consider separately the supermultiplets of photon, lepton, 
quarks, Z boson and Higgs and found 



A/T 7 - 
UiV w — 


: Ouh = 


AK l ww = 


: < + 


IA1\ WW - 




AK Z - 


: < = 


AK H - 


: < = 



a, 



7T 

9 2 l g 2 



(7) 



32vr 2 W2 32tt 2 v ' 

9 = a q + 9 = (9) 

g 2 A 1 f 1 , x 3 - 3x 2 + 4x -4. 

dx — — r — J (10) 



167T 2 p 2 jo x 2 + p(l — x 

g 2 1 yi x 2 {l-x) 



r 1 f 1 , x (1 _ X ) 1 



Here g is the weak coupling constant while p = (^p-) anc ^ A* = (^ h ~) ■ We focalized 
our attention mainly on the contribution due to quarks, leptons and their superpartners. 

The diagrams contributing to AKww for one generation of quarks and leptons are 
three, two with the up and down type quarks running in the loop and the photon leg 
attached to one of these, and only one for leptons because the neutrino is chargeless. 



Three other diagrams have the same structure with the fermions substituted by squarks 
and sleptons. These graphs are illustrated in Fig. 1-2. 

As far as the contributions of the supermultiplets are considered, our results agree 
with the Bilchak et al. ones Q. However we find some difference as far as the separate 
quark and squark contribution to AKww are concerned. 

We find for one generation of massless fermions 



AK ww (q) 
AiW(0 



-3£ 2 
96vr 2 

967T 2 



AK ww (q) 



AK 



WW 



(J) 



' 96tt 2 

967T 2 ' 



(12) 
(13) 



Indeed, if we call N c the number of colours and q u /d the electromagnetic charges of 
the up and down quarks in units of e (q^ = — |, q u = I), we have0 

q 2 

AK ww (q) = ^N c (q d - q u ) (14) 



This is a rather delicate point and therefore needs a careful analysis to explain the 
relative minus sign between charges in equation [TJ|. As we can see in Fig.l, the graphs 
with the photon attached to the up and down quarks can be obtained one from the 
other with the substitutions u <-> d, a <-> (3 and (p — q)i n <-> (p + q) ou t- Last substitution 
is equivalent to p «-> —p. From this observations and from equation [| we deduce that 
if M£ al3 (u,d) is the vertex contribution of graph a) with the u, rf-dependence enclosed 
in the coefficients A(u, d), AK ww (u, d), AQ{u, d), the vertex contribution of graph b) is 
M£ af3 (u,d) = -M^(d,u). This brings as a consequence that if the contributions of 
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graph a) to AKww is ^sN c qd (equal to the electronic contribution), the sum with graph 
b) gives rise to equation [TJ]. 

Analogously the same graphs produce the following contribution to the electric quadrupole 
moment 

AQ(q) = ^N c (q d -q u ). (15) 



This reasoning can be applied to the charge renormalization coefficient A and is valid 
for the sum of the squark loop graphs of Fig. 2, too. For these scalar graphs we obtain 



results opposite to 14 , 15 



Nevertheless if we consider the anomalous term N^ a/3 = Be^ al3u p v that can be gener- 
ated by fermion loops, it receives from graphs a) and b) of Fig.l contributions Bb(u, d) = 

2 I wish to thank Prof. A. Van Proeyen for useful discussion on this point. 
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B a (d, u) without any change of sign because e m ^ v p v is invariant under the previous set 
of substitutions. Therefore, considering one complete fermion generation we have 

B(q, I) = [N c (q d + q u ) + q e ] ■ cost = 0, (16) 



so there is no problem for anomaly cancellation. 

This point has been previously overlooked and, hence, our computation leads to a 
different prediction for AK WW in the standard model even if it does not affect AK WW in 
the massless fermions MSSM, because quark and squark contributions cancel each other 
anyway. Indeed, taking into account the presence in SM of the three fermionic generations, 
the final quarks and leptons exchange contribution is a sizeable one. 

If we consider massless ordinary fermions, the chargino u>\ is only coupled to |L0| du L 
and eD L and not to ud^ and ve L , with the opposite assignation for uj 2 . These couplings 
give rise to the anomalous magnetic moment one loop corrections illustrated in Fig. 3-4. 
Here we list every single contribution putting in evidence the particles whose propagators 
we met in the loops. 

a Wl (duu) = a^ 2 (udd) = ^-^ 

a ul (ddu) = a^uud) = 

-9 2 , ^ / 



uee 



32vr 2 ^ y ' 32n 2 



Our results agree with . 

In the massless fermions case we are considering, the vertex WHj is one loop affected 
only by sleptons and squarks (coupling uj^d^H = ~ ig J^ w and analogues) since leptons and 
quarks have vanishing Yukawa couplings Besides this a scalar loop cannot provide 
terms like e^ upa p p q a e^e' u) so we have 

i,q,l,l 



AKwh = 0. (17) 



This completes the verification of the sum rules for the quark and lepton multiplets. 

We list here the AK WH contributions due to the 7, Z, H supermultiplets illustrated in 
Fig. 6, so, taking into account eqations 7, 10, 11, the verification is complete for the other 
multiplets, too. 



AKwH^UiUJi) = \AK^ H = 

Z7T 



AK WH (hujiUJi 



±AK Z 

2 LXJX WH 



2 LXJX WH 



9' 



32n 2l p 
9 2 r l 



x 



3 - 3x 2 + 4x - 4, 



2 + Jo dX x 2 + p(l - x) 
2q 



32tt 2L 2 



x 



X) 



dx- 

n + /i(l — x) 



(19) 
(20) 



Here 7, C and /i are the fermionic partner of 7, Z and /ij respectively. 

3 Susy sum rules: Massive fermions 

We can rely upon the results of the previous section as far as the first two fermions gen- 
erations are concerned, because the fermions masses involved can be neglected compared 
to mjy. Nevertheless in a realistic model we must consider the fact that the top quark 
must be heavier than W, too. 

We shall consider two cases: a) raw negligible with respect to m t and fixed ratio 
(ml) 2 = r 'i k) fixed ratio (t^) 2 = ol with mj = 0. Given the established hierarchy 
777.5 << m w < m t (with m t of the order of twice mjy according to the precision tests of 
the standard model physics at LEP (see for example fllfl ) and the first indication for direct 
top evidence at Tevatron |]T2[ ), the approximation of case b) in which terms of O(^) are 
neglected is certainly more realistic. In both cases we'll consider massless leptons. 

Considering massive ordinary fermions brings as a consequence a multiplication of the 
couplings appearing in the lagrangian. In particular we have new vertices like ibH and 
the fermion number violating uftbR and uj^r Hl3fl . These new couplings generate the 
diagrams illustrated in Fig. 5-7-8 which contribute to AK WH and a^.. 

Case a) was just analyzed in |L4j] and we report here only the final result valid for the 
contributions of the quarks and leptons multiplets 

M$rw = < = < = AK wh = ^ F (r) (21) 

with 

F(r) = — -[r 3 + llr 2 - 13r + 1 - 4r(l + 2r) lnr]. (22) 

Here the result for the third generation coincides with the three generations one. This 
time we have an universal non null function F(r) with which we can express the whole 
set of anomalous magnetic moments. In the interesting cases m& = 0, m t = 0, 777,5 = m t 
we have respectively F(0) = 1, F(oo) = —1 and F(l) = 1. 

For case b) we report the whole set of functions we obtain. In particular we find it 
relevant that our results restricted to the SM case exhibit some difference with the values 
previously reported in the literature. If we put a = {-j^) 2 and b = (^;) 2 we obtain 

a TV- ftJ .s 9 2 N c q b f 1 x 4 + x 3 {a-b-l)+x 2 (2b-a) 
AK ww (bbt) = —] o dx bx + a(1 _ x) _ xil _ x) (23) 



a TV- ,rrrx ~g 2 N c q b f 1 (x 3 - x 2 )(b - a - 1 + 2s) 

r/AfN f 1 ^ x 2 [b(x + 1) + x - 1] 

a^ibbt) = / dx——— - r 26 

lbn z Jo bx + a(l — x) — x{l — x) 

f+ll\ g2Ncqb f 1 a x 2 b{l-x) 

a wi {tbb) = / dx r r 27) 

lo7r z jo bx + a(l — x) — x{± — x) 

a^tfb) = ^Cdx f b{l ; X \ r (28) 

lV ; 16tt 2 Jo ax + b{l-x)-x{l-x) y ' 

a ir Uhk\ -9 2 N c q b f 1 , x[a{l - x) - bx] 

AK WH (tbb) = J q dx bx + a{l _ x) _ x{1 _ xy (29) 

We obtain the corresponding contributions for AKwwiptt), AKww(btt), a^tbb), 
a,u 2 (ttb), a^ibtt), a U2 (bbt), AKwn(btt), with the substitutions q b <-> —qt, rn b <-> m t . 

The relative minus sign between the charges q b and q t has already been explained in 
the case of AK^ W . As far concerned it is simply due to a m definition ( |] ) which 

contains e Wi . Writing explicitly the matrix elements for the two AKwh quark contributions 
depicted in Fig. 5 and using usual trace properties, the same substitution statement is 
easily verified. 

Summing up the whole set of results ^31 ^ and taking into account a massless 
lepton generation we obtain 

" ^ " ^ 2 " " 16tt 2 A ax + 5(1 - x) - x(l - x) m 

Inserting 6 = and expressing everything as a function of a = (^J 1 ) 2 we find 



with 



AKfl = af = ogf = AKfi = ^£~ 2 G(a) (31) 



G(a) = -^[3a+(3-2a)ln(l-a)l. (32) 
or 



This function has lim a ^ G(a) = 1 so reproducing the case of negligible m w . Again 
the anomalous magnetic moments supersymmetric sum rules are exactly verified. 
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The complete expression obtained using the realistic value rrtj, = 5GeV give results 
which differ from those obtained with G(a) by 0(10%) if m t — lQOGeV and only by 
0(1%) if m t > imGeV. 

The function G(a) exhibit a divergence for mt = m\y because in this and in the more 
general case nib + m t = mw the diagrams we studied have a singularity in the physical 
region due to the presence of the threshold for the W — > tb decay Our calculation should 
be reliable provided m t differs from mw more than the W decay width. 

If we limit ourselves to the SM contribution to AK WW due to the third generation, 
keeping m t as the only non null fermion mass we have 

AK& W {SM) = ^4^[4a 3 - 3a 2 + 18a + 6(3 - 2a) ln(l - a)}. (33) 



This result differs from those found with the same assumptions in [To] and [To]. Such 
difference can be traced back to the erroneous summation of the two quarks diagrams 
analogously to what happens in the massless case |5|, |2j we clarified before. 



We note that equation 



reduce to AK WW (SM) 



24?r 



if a goes to or oo and this 



is the same result we obtained in the massless fermion case . As a further ("a posteriori") 
check of validity of |33| we observe that summing up with the supersymmetric contributions 
we find the same universal function G(a) that arises independently in the computation 
of a wi , a,u 2 and AKwh- 



4 Soft breaking with scalar masses 

As a final step we calculated the total contribution to the four quantities we considered in 
the MSSM with Susy broken explicitly but softly by an universal mass m for every scalar 
particle we have in the theory, to make a comparison with the unbroken case and search 
for a possible new rule relating magnetic moments in broken Susy multiplets. 

This choice of Susy breaking is not only the simplest but can also be seen as one of 
the possible low energy remnant of string theory. Particularly in a large class of string 
scenarios (symmetric orbifolds) scalar masses should be largely bigger than gaugino masses 
and in spite of a general lack of universality they should be nearly universal because of 
the weak dependence from their corresponding modular weights (1^ . 



The tree level m introduction effect is only a shift in scalar mass eigenstates which 
does not affect directly any other coupling including uo^qk, q^q^H and q^H which depend 
only on fermion masses generated through their Yukawa couplings. 

The whole set of results we obtained is reported in Appendix where the dependence 
from the new parameter 5 = (^l) 2 is put in evidence. These results are not very en- 
lightening and so we examined the quark and lepton multiplet contribution for 1 fermion 
generation in three particular cases: i) massless fermions; ii) only one massive fermion 
(top); iii) one heavy completely isomassive fermions generation. 

In case i) the values reported in equations || , [5] and |D] for the unbroken Susy case get 
modified when m » m w : 
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qqll 



qqll 



24tt 2 
9 2 



AKf l H 



48vr 2 
0. 



(34) 

(35) 
(36) 



In case ii) the corresponding starting value is (see equation ^T] in the r — > limit), 
while for rh » m t /w the results are 



24tt 2 



qqll 
V 



qqll 

l L0 2 



AKf l H 



48tt 2 

2 



-g 



327T 2 



(37) 
(38) 
(39) 



If we change the mass hierarchy setting m t » m » mw they become 



*K$w = < = ^ (40) 



-a 2 

qqll y / 41 n 

Aif|£ = Zl?. (42) 

327r 2 V ) 



In the final case of a completely isomassive generation we start from 24^2 and in the 
case of rh » m with m the common fermion mass we have 

-n 2 

A _ A TY'QQll _ y_ / 4 o\ 

^J^ww — ^-^wh — 24^2 v 6 > 

n 2 

n qqll — n qqll _ _^ (44^ 

Instead of these if we set m » rh » mw we obtain 



AKtfi = AKfl = < = off = . (45) 



o 



As we can see from these results we haven't a common clear sign relating Susy breaking 
with the new sum rules we could write in every single case. The problem is even more 
complicated if we consider non negligible m t or mw compared to m, in which case the 
four magnetic moments we considered have four different and apparently uncorrelated 
values. Indeed this happens with an explicit Susy breaking but we have a first indication 
things can hardly go better in the case of spontaneous breaking because quark and lepton 
supermultiplet contributions should always be present and they are rather independent 
from the contributions of the other multiplets (the fermion mass hierarchy is not fixed by 
Susy). 

We conclude our work with some tables giving the total results for AKww considering 
the whole set of diagrams contributing to it, 7, Z and H multiplets included, in the case 
of the SM (Table 1), of its minimal exactly supersymmetric version (Table 2) and in the 
case of Susy broken by the universal scalar mass m. 

In the case of SM and its minimal exactly supersymmetric version we give the results 
in function of /i = (^:) 2 and a = (t^) 2 - In the case of broken Susy they are expressed 
in function of /i and 5 = (hiei) 2 a t fixed values of a belonging to the favourite range 
100-200GeV for m t . 

Throughout these computations we used sin 2 Q w = .2325 and p = {^-) 2 = 1.29. 

The standard model results differs significantly from the published one because of the 
non cancellation of the fermion contributions (three generations). The most striking result 
is that AKww is negative, unless a light Higgs is present, and rather small. This result 
contrasts with what was previously found in the literature. As we can see in Table 1, 
AKww is a decreasing function both of m t and mn- If we assume the CDF result [|12|] 
m t = 174 ± 17 GeV and use the lower bound m t = 157 GeV we find the largest that 
allows a positive AK WW - We find 

AK WW >0^m h < 81GeV (46) 



It must be remembered the LEP1 limit [18[ rrih > 63.8 GeV that can be raised to 
80 - 90 GeV at LEP2. 

Unfortunately the corrections to gw = 2 remains always of the order 10~ 3 , both in the 
standard and in the supersymmetric case, making impossible an experimental verification 
as today we know only gw is 0(1) and in the near future we will probably know it at best 
with a precision ten times better [pTQf] . 

The results reported in Table 3 should be taken as an indication of the departure from 
the unbroken Susy case in the simplest possible approach where the entire Susy breaking 
is accounted for by a universal scalar mass. Clearly a more detailed analysis should take 
into account the influence of a specific breaking of supergravity at a large scale down to 
low energy through the evolution of the full Susy parameter spectrum. 

A final comment on the size of the contributions in the tables is in order. It's well known 
that the supersymmetric corrections to the g — 2 of the muon in MSSM is particularly 



small [10, and references therein] and, indeed, it does not lead to significant constraints 



on the sparticle masses given the present experimental lower bounds on them. On the 



1 n 



contrary the supersymmetric contributions to the g — 2 of the W boson is of the same 
order of magnitude as the SM corrections. This is due to the fact that the ratio of the W 
and Susy masses is much larger than the analogous ratio of the muon to the Susy masses. 

As we can see from table 2, exact Susy predict a rather different range of values 
compared with the SM one, resulting in a probable difference of sign between them. 
However the explicit supersymmetry breaking with m > my/ (phenomenology states Susy 
breaking cannot be to much little) modifies in a sizeable way the squarks and sleptons 
contribution and the H + H°, W + h®, H + h% ones depicted in Fig. 9 0. This leads to foresee 
results nearer to the SM and with the same sign. 
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Appendix 



We report the whole set of scalar contributions to AKww modified by the introduction 
of the universal Susy breaking parameter m as a function of a, = (^ ± ) 2 , h = (^:) 2 and 
6 = ) 2 with Ui = u,c,t and d, = d,s,b 



a J, (aj~\ 9 2 N c q dl f 1 5{x 2 -x 3 ){bi-ai-l + 2x) 

AKwwididiUi) = / dx 

\bn z Jo biX + ai{± — x) + | — x{l — x) 

-9 2 N c q Ul f 1 , 5(x 2 - x 3 )( ai - b t - 1 + 2x) 



AK ww (diUiUi) = 9 f Ul [ dx 

lbn z Jo 



a, t x + bi(i — x) + | — x(l — x) 



Here and in the following, leptonic contributions can be easily obtained from those 
which contains q di with the substitutions N c q d . — > q iv a, — > a[ and bi — > b\ with a[ = (^f- 1 ) 2 
and/,;. ( — )-.' 

Considering quark t as the only massive fermion and setting a = (^^) 2 , the scalar 
quarks and leptons give 



AK ww (ddu) = K ww (ssc) = K ww (eeu) = K ww (fifj,is) = K ww (ttv) 
-g 2 [i d J(x 2 - x 3 )(2x - I) 



IQtt 2 Jo 1 — 5x(l — x) 

AK ww (duu) = K ww (scc) = 2K ww (ddu) 

-g 2 /-i 5(x 2 -x 3 )(a(2x- 1) 



AK ww (bbt) = — — / dx 
ID7T 2 Jo 



AK ww (btt) = — ^ [ dx 

lb7T Z Jo 



a + 5(1 — x) — aSx(l — x) 
-2g 2 /-i S(x 2 - x 3 )(a(2x - 1) + 1) 



IQtt 2 Jo a + Sx — adx(l — x) 



The ordinary Higgs contributions get modified by m introduction, too. The functions 
reported in p[ become 



g 2 r l ( 1 /-i J x 2 {x 2 -2x-\) 



X 2 + /i(l - x) + I 



1 J- 



1 



where we used p = (siz_) 2 and u = (^±_) 2 . We recover exactly supersymmetric func- 

~ v mw ' ™ v raw ' 

tions simply by letting 5 goes to infinity. The same is true for the modified contributions 
to a Ui we list here for arbitrary quark mass. 



a m (diuSi) 
a wl {didiUi) 
a Ul (uididi) 
a^iuiUidi) 



As in the exactly supersymmetric case we obtain the corresponding a W2 contributions 
with the substitutions q dl <-> — q Ui , o-i h- 

We have not new contribution to AK WH due to the introduction of the universal 
scalar mass because the off diagonal magnetic transition does not receive any influence 
from scalar loops. 



9 2 N c q Ui r 1 ^ x(x- l)[bj(x-2) +x\ 

lQn 2 Jo (oj + |)x + — x) — x(l — x) 
g 2 N c q dt /-i ^ x 2 [bj(x + 1) + x - 1} 

IQn 2 Jo biX + (oj + |)(1 — x) — x(l — x) 
g 2 N cQdl r^ dx x 2 (b l + l)(l-x) 

lQir 2 Jo (pi + \)x + Oj(l — x) — x(l — x) 
g 2 N c g Ut x 2 (b l + \)(l-x) 

lQn 2 Jo diX + {pi + |)(1 — x) — x(l — x) 
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Table 1. AK WW x IO" 3 in the Standard Model. // = (^) 2 , a = (^f ) 2 . 
rrih is the mass of the only physical Higgs scalar in SM. 
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Table 2. AK^w m the minimal exactly supersymmetric version of the standard model. 
Here in /i = (^^) 2 is the mass of the neutral Higgs bosons which are not in the Z 

supermultiplet 0. 
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Table 3. AK WW x 10~ 3 in the MSSM with Susy broken 
by an universal scalar mass m. 5 — (^-) 2 - 
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